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0 LAMINATED SUBSTRATE AND MANUFACTURE THEREOF 

^Abstract: 

lOBLEM TO BE SOLVED: To provide a laminated substrate which 
ninates defects in a wafer on a device manufacturing side and increases 
5 electrical characteristics and its manufacture. 
iLUTION: A device manufacturing side is laminated as a pure silicon 
fer 11. When a CZ ingot is pulled, the pure silicon wafer 1 1 controls the 
srage value of a pull-up speed and an in-crystal temperature grade, and 
eludes grown-in effects. The pull speed is set as V mm/min, and the 
srage value of an in-crystal temperature grade in a pull axial direction 
m a Si fusing point to 1 t 300°C is set as G°C/mm, and V/G is 0.20 to 
:2 mm2/°C.min in a region from the crystal center to 45 mm, and a 
get pulling speed is set so that V/G increases monotonously in a region 
tside of 45 mm. Lamination is carried out under a normal condition. 
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aim(s)] 

aim 1] The lamination substrate which used the near silicon wafer with which a device is produced at least among 
1 st silicon wafer and the 2nd silicon wafer as the pure silicon wafer with which a minute defect does not exist all 
r a wafer in the lamination substrate which made the 1st silicon wafer and the 2nd silicon wafer rival, 
aim 2] The lamination substrate according to claim 1 with which the insulating layer intervened between the silicon 
ier of the above 1st, and the 2nd silicon wafer. 

aim 3] By controlling the raising rate of the single-crystal-silicon ingot by the CZ process, and the average of the 
perature gradient in a crystal which is a temperature gradient in the crystal of this single-crystal-silicon ingot By 
ying out slicing of the obtained pure single-crystal-silicon ingot to the process which pulls up the pure single- 
stal-silicon ingot in which a minute defect does not exist The process which produces the pure silicon wafer with 
ch the minute defect was eliminated from the whole wafer surface, The manufacture approach of the lamination 
strate equipped with the process which the above-mentioned pure silicon wafer is used [ process ] for either at least 
)ng the 1st silicon wafer and the 2nd silicon wafer, and makes these 1st silicon wafer and the 2nd silicon wafer rival. 
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TAILED DESCRIPTION 



tailed Description of the Invention] 

Sd of the Invention] This invention relates to the lamination substrate with which the minute defect was eliminated, 
its manufacture approach from the whole surface of a lamination substrate and its manufacture approach, and the 
r silicon wafer with which a device is produced in detail. 
02] 

•scription of the Prior Art] On the occasion of manufacture of the SOI wafer which is a kind of a lamination 
strate the single-ciystal-silicon ingot which was able to be first pulled up by the CZ process is sliced, and two 
^on wafers are prepared. Subsequently, an insulator layer is inserted, wafer of one of the two is used as the wafer for 
ner layers and both wafers are piled up at a room temperature by using the wafer of another side as the wafer for 
port substrates. And predetermined lamination heat treatment is performed. Then, the periphery section of the wafer 
barrier layers is beveled for removing a poor lamination field etc. Then, grinding of the front face of this wafer for 
rier layers is carried out, and it is ground. This polished surface turns into a device forming face. By the way, in the 
>le-crystal-silicon ingot, oxygen is contained in the state of supersaturation. This oxygen [ ****** ] raises the 
-hanical reinforcement of an ingot, or has played a role of a gettering site of an impurity. It is also the factor which 
kes a silicon wafer produce BMD(s) (Bulk Micro Defect), such as a minute oxygen induction stacking fault 
5F;Oxidation Induced Stacking Fault) and COP (Crystal OriginatedParticle), on the other hand. 
03] 

oblem(s) to be Solved by the Invention] The production field of the device in a silicon wafer is 1 0 micrometers or 
5 of the surface section. In the case of a SOI wafer, a device is built by the surface section whose thickness is several 
micrometers - several micrometers. Thus, the crystal property of the wafer for barrier layers becomes important. That 
this wafer front face must be completely defect-free, and homogeneity and a defect-free thing are required also as the 
face section. However, the wafer for barrier layers is also a CZ wafer. Therefore, oxygen exists in the state of 
.ersaturation in a wafer. This oxygen [ ****** ] is making the wafer for barrier layers produce a minute defect. The 
able of causing degradation of for example, an oxide-film proof-pressure property by the mmute defect had occurred. 

•04] Then the artificer completed this invention paying attention to the pure silicon wafer with which a minute defect 
nceforth a Grown-in defect) which degrades electrical characteristics does not exist. Here, a Grown-in defect is a 
ect resulting from raising of a crystal, and contains an infrared dispersion defect besides being the above-mentioned 
/gen induction stacking fault etc., a rearrangement cluster, etc. The former infrared dispersion defect is a kind of an 
/gen sludge, and is a minute defect observed by the infrared tomograph method. Moreover, the latter rearrangement 
ster is a minute defect produced according to deformation of a silicon crystal, and is a defect which exists in the 
ondary of the part which is on the sliding surface of a crystal and was already slippery, and the part which is not 
>pery yet. 

Meets of the Invention] This invention sets it as that purpose to offer the lamination substrate which can raise the 
ctrical characteristics on the front face of a wafer by making the near silicon wafer with which a device is produced 
ke it defect-free, and its manufacture approach. 

eans for Solving the Problem] Invention according to claim 1 is the lamination substrate which used the near silicon 
fer with which a device is produced at least among the 1 st silicon wafer and the 2nd silicon wafer as the pure silicon 
fer with which a minute defect does not exist all over a wafer in the lamination substrate which made the 1st silicon 
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? er and the 2nd silicon wafer rival. As a^fcnation substrate, a SOI substrate etc. is^^tioned, for example. 
07] As the production approach of a pu^Wicon wafer, a single-crystal-silicon ingot is pulled up according to the 
ditions indicated to claim 3, and the approach of carrying out wafer processing of this by the general approach etc. is 
itioned. The production approach of a pure silicon wafer is not limited to this condition according to claim 3. The 
:er with which a pure silicon wafer is adopted is a wafer by the side of device production fundamentally. However, it 
ot limited to this. That is, a pure silicon wafer may be the 1st silicon wafer, or may be the 2nd silicon wafer, and both 
:ers are sufficient as it. 

08] Invention according to claim 2 is the lamination substrate according to claim 1 with which the insulating layer 
:rvened between the silicon wafer of the above 1st, and the 2nd silicon wafer. The so-called lamination SOI substrate 
responds to this. 

09] Invention according to claim 3 is controlling the raising rate of the single-crystal-silicon ingot by the CZ process, 
the average of the temperature gradient in a crystal which is a temperature gradient in the crystal of this single- 
stal-silicon ingot. By carrying out slicing of the obtained pure single-crystal-silicon ingot to the process which pulls 
the pure single-crystal-silicon ingot in which a minute defect does not exist The process which produces the pure 
:on wafer with which the minute defect was eliminated from the whole wafer surface, It is the manufacture approach 
he lamination substrate equipped with the process which the above-mentioned pure silicon wafer is used [ process ] 
either at least among the 1st silicon wafer and the 2nd silicon wafer, and makes these 1st silicon wafer and the 2nd 
:on wafer rival. 

10] An example of the concrete production approach of a pure silicon wafer is indicated by "the silicon single crystal 
:er and its manufacture approach" of JP,8-330316,A. The production approach of the pure silicon wafer by this patent 
►lie presentation official report is explained. Namely, in case the single-crystal-silicon ingot by the CZ process is 
led up first When setting a raising rate to V (mm/min) and setting the average of the temperature gradient in a crystal 
he raising shaft orientations in the temperature requirement from the silicon melting point to 1300 degrees C to G 
gree C/mm), V/G value is set to 0.20-0.22mm2/degree C and min from a crystal periphery from a crystal center 
ation in the ingot core field to the location of 30mm to the radial inside. In the ingot periphery section field from the 
ation of 30mm to a crystal periphery location, it is referred to as 0.20-0.22mm2/degree C and min from this crystal 
iphery to the radial inside, or it is made to increase gradually toward a crystal periphery, and this single-crystal- 
;>on ingot is produced by low-speed raising. Thereby, Grown-in defects, such as an oxygen induction stacking fault, 
eliminated out of a single-crystal-silicon ingot. Then, the pure silicon wafer with which a minute defect does not 
st all over a wafer is produced by carrying out slicing of this single-crystal-silicon ingot. 
11] Moreover, superposition of the 1st silicon wafer and the 2nd silicon wafer is usually performed at a room 
iperature. 800 degrees C or more of heating temperature of lamination heat treatment are usually 1 100-1200 degrees 
3enerally lamination heat treatment time amount is before or after 2 hours. Oxygen etc. is used for the controlled 
tosphere in a furnace. 
12] 

nction] According to this invention, both wafers are stretched by using as a pure silicon wafer the near wafer with 
ich a device is produced at least among the 1st silicon wafer and the 2nd silicon wafer. When this pure silicon wafer 
itrols the average of a raising rate and the temperature gradient in a crystal from the time of ingot raising already 
ording to a CZ process, various kinds of Grown-in defects are eliminated. Therefore, electrical characteristics, such 
)xide-film pressure-proofing, can be raised. 
13] 

nbodiment of the Invention] Hereafter, the example of this invention is explained with reference to a drawing. In 
lition, a lamination SOI substrate is taken for an example as a lamination substrate here. Drawing,! is a flow chart 
ich shows the manufacture approach of the lamination substrate concerning one example of this invention. As shown 
Irawing 1 , in the raising process of the single-crystal-silicon ingot by the CZ process, a single-crystal-silicon ingot is 
duced beforehand, controlling the average of the raising rate and the temperature gradient in the crystal. 
•14] In CZ equipment which can specifically raise the 6 inch single-crystal-silicon ingot in which 18 inch quartz 
cible and carbon crucible were installed The relative position of the cylinder-like carbon heater and crucible which 
re installed in the perimeter of crucible, The distance of the tip of the radiation screen of 5mm in thickness, and the 
licircle drill configuration of 200mm of diameters of opening and melt front face which consist of carbon installed in 
perimeter of a growth crystal, A comprehensive thermal rating examines conditions, such as heat insulator structure 
:he perimeter of a heater, and after that, throw 65kg of high grade polycrystalline silicon into this crucible, and boron 
loped. Heating melting of this polycrystalline silicon was carried out, and by 150mm, the diameter pulled up the 
gle crystal of <100> until crystal growth bearing became die length of 1300mm. The control condition of the raising 
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: in this case and the average of the term^^ure gradient in a crystal is shown belov^p 

1 5] That is, the target raising rate in a dflP orientation was set up so that V/G valued/hen making a raising rate 
► Vmm/min and carrying out the average of the temperature gradient in a crystal of the raising shaft orientations in 
temperature requirement from the silicon melting point to 1300 degrees C in G degrees C/mm might be maintained 
i.20-0.22mm2/degree C and min in the field from a crystal center to 45mm and V/G value might increase it from 
am in monotone in an outside field. 

16] The single-crystal-silicon ingot after raising is started by L5mm in thickness to a crystal orientation and parallel, 
;olution removal of the processing distortion is carried out in the mixed-acid solution which consists of HF and 
03, and it is further immersed into a rare HF solution, and the rinse was carried out with ultrapure water and it was 
ie to dry after that. After carrying out at 800 degrees C and heat-treating this sample in desiccation oxygen at 1000 
rees C for 16 hours for 4 hours, the X-ray topogrph investigated generating distribution of a defect. Distribution of a 
set is shown in the mimetic diagram of the defective distribution in a flat surface including the crystallographic axis 
tawing 2 . In addition, a 0-700mm line shows the die length from the shoulder of a single-crystal-silicon ingot 
Dng drawing 2 , and this supports the amount of crystal raising. Consequently, generating of defects [ in / about III 
range of the die length of 2 ], such as an oxygen induction stacking fault (OSF ring), an infrared dispersion defect, 
a rearrangement cluster, of the overall length applied to a tail part from the top section of a single-crystal-silicon 
Dt was not seen. 

17] Then, this obtained single-crystal-silicon ingot is given for block cutting, a slice, beveling, polish, etc., and the 
■er 1 1 for barrier layers with 620 micrometers [ in thickness ] and a diameter of 150mm (6 inches) is prepared, 
reover, the wafer 12 for support substrates of the same thickness and the same aperture is prepared by the same 
cess as this wafer 1 1 for barrier layers. In addition, silicon oxide 12a which is an insulator layer is formed in the front 
i of this wafer 12 for support substrates for 1 micrometer only in thickness of sentiment O diacid-ization. 
18] Next, these wafers 1 1 for barrier layers and the wafer 12 for support substrates are washed SCI, and it is made to 
after the'rinse by pure water. And the mirror planes of both the wafers 1 1 and 1 2 are piled up under the room 
iperature of a clean room. Thereby, the lamination silicon wafer 13 is formed. Then, this lamination silicon wafer 13 
iserted in the quartz coil of a lamination furnace, and lamination heat treatment is carried out in an oxygen gas 
3ient atmosphere. Lamination temperature is 1 100 degrees C and heat treatment time amount is 2 hours. Then, void 
section by ultrasonic irradiation is conducted, the lamination silicon wafer 13 of an excellent article is beveled, and 
iding and polish of the wafer 1 1 for barrier layers are performed. Therefore, the thinning of the wafer 1 1 for barrier 
srs is carried out by the given thickness. 

19] After that, the produced lamination substrate is washed, is packed up by the wafer case etc., and is shipped to a 
ice manufacturer etc. Thus, as a wafer 1 1 for barrier layers with which a device is produced, since the pure silicon 
fer with which various kinds of defects were eliminated was adopted, the front face of this wafer 1 1 for barrier layers 
lade defect-free. Thereby, the electrical characteristics, for example, an oxide-film proof-pressure property, can be 
>ed. 

20] Here, based on drawjng_3 and drawing 4 , the lamination substrate of a conventional method and the lamination 
strate of this invention are made to contrast, and the result at the time of performing the evaluation trial of the oxide- 
i pressure-proofing in each silicon wafer is indicated. Drawing 3 is the explanatory view showing the evaluation test 
fchod of oxide-film pressure-proofing of this lamination substrate. Drawing 4 (a) is the explanatory view showing the 
nt-of-measurement distribution situation of the oxide-film pressure-proofing in the lamination substrate concerning 
: example of this invention. Drawing . 4 (b) is the explanatory view showing it in the lamination substrate 
iventionally applied to a means. 

21] First, with reference to drawing 3 , the evaluation test method of oxide-film pressure-proofing of a concrete 
dnation substrate is explained. As shown in drawing 3 , as for the lamination substrate 10, the wafer 1 1 for barrier 
ers with a thickness of 5-10 micrometers is stretched by one side of the wafer 12 for support substrates through with 
dekness of 1 micrometer silicon oxide 12a. The oxygen density of the wafer 1 1 for barrier layers is [Oi] =1.30x1018- 
i3. 

22] Lynn P is doped by the wafer 1 1 for barrier layers at that surface section, and this part is N+ . It is a field. The 
strode 14 made from aluminum is formed on this field. Moreover, the gate oxide 15 of 2 is formed in the location 
ich only predetermined distance separated from this electrode 14 25nm in thickness, and 20mm of film surface 
ducts. On gate oxide 15, the electrode 16 made from polish recon is formed. As for this electrode 16, 500nm in 
;kness and Lynn are doped. The sense terminal of the oxide-film proof-pressure measuring instrument 20 which has 
: power supply 17, an ammeter 18, and a voltmeter 19 is connected to these electrodes 14 and 16, respectively. - side 
onnected to the electrode 16 for the + side edge child at the electrode 14. 
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!3] On the occasion of the oxide-film coi^tessive test of gate oxide 15, applied-vo^^ 10 MV/cm of a direct 
ent is impressed for 10 seconds, and an^Prical potential difference is already imposed similarly only at once 
: that. Under the present circumstances, only when the amount of currents which flows to electrodes 14 and 16 was 
sured and current density A/cm2 of lOOmicro was exceeded, it was considered that dielectric breakdown had 
irred in gate oxide 1 5. A total of 1 81 point of measurement was allotted on this wafer 1 1 for barrier layers, and the 
rtion of dielectric breakdown of the gate oxide 1 5 in each point was investigated. The result is shown in drawing 4 . 
14] In the case of the lamination substrate 10 of one example of this invention, dielectric breakdown was produced in 
ioint of measurement of 181 so that clearly from dr awin g 4 (a). On the other hand, dielectric breakdown produced 
animation substrate 100 of the conventional method shown in drawing 4 (b) in 17 of 181 points. In addition, in 
ving 4 (a) and dra w ing 4 (b), as for dielectric-breakdown nothing and black painting area, void area shows those 
i dielectric breakdown. From the above experiment, when adopting the pure silicon wafer as the wafer 1 1 for barrier 
rs, it was proved that the oxide-film proof-pressure property on the front face of a wafer is improved. 
!5] 

ect of the Invention] Since the near silicon wafer with which a device is produced at least among the 1st and 2nd 
on wafer stretched was used as the pure silicon wafer with which various kinds of defects do not exist according to 
invention, those electrical characteristics can be raised. 
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D'j^u teias-tf/c. ccD-y->^;b^8 o o°c*c4 
iooowi6 b#h, tejw^^rjiwfflffiifT 

fc. WB©^*, H2©*Sam**trtPffl«:4jftf*^ 
B^^SOSSCHtc^-r. ^c*5\ i2*. 0-70 0mm 

Cft^a?|#±tfMOC*HSLn^o C(D$gm, 

W-C<D^ScD#5jl/2(30SS©«HCC*5^r, S^SI@ 




(4) 
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£S£LT, /S3 6 2 0 urn, ESI 5 Omm (6 > 

ffiiffl^x-^ 1 1 tisiG»fi6K:<fco, moms, m— 

3a#S«flJ?*-^ 1 2<D«ffifc:W\ -)x?hO, Kfb 
&cj;-oT, £->y =3 >WUK1 2 a MS 10 

[ooi8]»c c*i6<wsgttJi»">*«-^i l, a: 

*t/TT, 1, 1 2<Dgi 

£o ^-©f*. CCD^O^b-fc^y 3>^x-a1 3£, 

K0^b*aw&»rs. 1 1 o o°c, 

[0019] (HRSti3fai0d*>*»«B, ^Of*, gfc 

tiSffittSffl^i-^M lilt, «a<CtfcPB#gH»<* 
titc fcT » T ^> y n > ^ a: -^SS/gT -5 <£ 5 CC L tc<D 

x\ comnmmv*-" 1 ivmw&mxmtsti 30 

[0 0 2 0 ] CCT\ EI3*5cfca f ia4K:S^lir; 
its i±. 3> I 5*-^Cc*5»4IMb«BEE©ffffi 

04 (a) » % CO»98<0---JOIrtf«c«sao^to 
it'$)^ B 04 (b) tt, «E*^SCC«45R0^-&S 40 

[0021] g-r. H3*#»sur, 
#^©»bBWff©Wffit*»*ffi*KW^*o 03K 

90«t>«SCl Ott. il$ 5-1 0 urn 
©rSfflfJB 1 ?*--'" 1 1*5, IPS 1 Atm©^y=i>K^b 
I12a^Lt 4 3a*»EHi-?*-'W 2©JtM*t5I 

iftff tt, [ O i ] = 1 . 3 0 x 1 0 1 8 / c m 3 

[0 0 2 2 ] Sffil^*-^ l ICCtt, ^(DSJISBCC 50 
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^fBtl/cfi![StC«, I$25nm, M2 0mm 2 © 

CCDill 6aii$ 5 0 0 nm, ^^F-^nt^ 

cn6©^114, 16CC«. i£«E«aH17. 
U-l 8*iJ:OTBEEM 9£*T*IMtKBEEW£82 0 

[0 02 3] y-MMMtl 5©«{tBWBEW»CC|SO 
r«, e^CDEnJjQ^E 1 0MV/cm*l OfefiflEPflD 
U ^<Df£, *>5— a«WH««:«E*HIflir*. CCD 
Sffil 4. 1 6teiffift5Wifc*£»ISUT. ®g£^ 
glOO/iA/cm 2 £jgx./c*§^Cft:tf . y- Hft 

mi 5Cc|ft«««*ss*ri>*i*ttLte. c<D?£ttJi 
ffl^*-^ 1 1 Jifc^ff-l 8 l CMBBStlBU, #.*C 

o^- FBKtflt i 5 (DtmmmvffiR&m^tc. ^com 

[0 0 2 4 ] 04 (a) ^eiBS^ttcfe^CC, CCD^HJ 
O— *SSWOSR0^to#SS 1 0 1 8 1 

(b) «c^T«£*ffi©SB0^to-l*S«l 0 0«, 18 1 

^ % , 17 mim&w>s& ctc a & *s , a 4 
(a) , 04 (b) tcfci^r, BJS*xyrtafti»Kai 

[0025] 

1. g2^>y3>-)i-;^^ 4 ^Kik^/^ 
X^$}^ti^fflJ<b->yr3>^^*-^^r, #acD^B^ 
fffiEL&ti fcfaT^y n>^*-^i Ltc(DX\ ^£<Dn 

[an c©»wo— ia»«{c«5ao^to-ttK«oi! 
[02] c<D^m<D~-mmm^^^m^^w-m^c 

[04] (a) « % C©»W©— ISftWKlffSKO^to 

fe^> 0 (b) « % se*#a«c«*ao^b-tt»«{c*jw 

[#^(D|ft0J] 

io Ho^fe-a-tts, 

1 1 iSttlffl^x-A mi<DisV=>V*-n/V 
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